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TOM TAT

Déng co dong bé nam cham vinh cieu (PMSM) dwoc xem 1 lira chon toi wu trong phdt trién
0 to dién (EV) nho hiéu sudt cao va kha nang van hanh on dinh. Mot trong nhitng han ché 16m nhat
ciia 6 16 dién hién nay la quéng dwong di chuyén han ché sau méi lan sac. Pé cé thé nang cao hiéu
sudt van hanh dong co thi mét gidi phép kha thi la sir dung hdp s6 dwege t6i wu héa phit hop cho 6 t6
dién. Hop s6 vé cap (CVT) la mét lea chon phit hop & thoi diém hién tai nho kha ndng duy tri hiéu
sudt van hanh cao trong nhiéu diéu kién téc dé va méi truong khac nhau, dac biét gdn voi vung lam
viéc t0i wu cia dong co. Bai viét tdp trung mé phong va phdn tich hiéu sudt truyén dong cia é t6
dién sir dung hdp s6 mot cap va hép sé CVT thong qua chu trinh 1di tiéu chudn FTP-75. Nghién ciru
sir dung MATLAB/Simulink dé mé phong va so sanh hiéu sudt hé truyén dong qua cdc yéu té nhw
trang thdi pin, ndng lwong, van toc, quang dirong, mé-men xodn va ton that trong cdc diéu kién vin
hanh khac nhau.

T khéa: Hé thong truyén dong; Xe dién; Hop so vé cap CVI: FTP-75; MATLAB/Simulink.

ABSTRACT

The Permanent Magnet Synchronous Motor (PMSM) is considered an optimal choice for
the development of electric vehicles (EVs) due to its high efficiency and stable operation. One of
the major limitations of EVs today is their restricted driving range after each charge. To improve
motor performance, a feasible solution is to employ a gearbox optimized specifically for EVs. The
continuously variable transmission (CVT) is a suitable option as it maintains high operational
efficiency under various speed and environmental conditions, especially near the motor's optimal
working range. This study focuses on simulating and analyzing the drivetrain performance of EVs
equipped with single-speed transmission (SST) and CVT using the standard FTP-75 driving cycle.
MATLAB/Simulink is employed to model and compare drivetrain performance in terms of battery
state, energy efficiency, velocity, driving range, torque, and energy losses under different operating
conditions.

Keywords: Transmission system; Electric vehicle; CVT transmission;, FTP-75; MATLAB/
Simulink.
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1. PAT VAN PE

Mic dut hé truyén dong tryuc tiép voi hop
s6 mot cap (SST) [1] trén xe dién c6 cdu tao
don gidn va hi¢u qua trong mot s6 dai toc do,
nhung van gip han ché trong viéc t6i vu hoa
mo-men xoan va hiéu suét thuc té, dac biét kho
cin bang giita kha ning ting tdc manh & tdc
do thép va tiét kiém nang lugng ¢ tde do cao,
gy anh huong dén hiéu suét va trai nghiém 14i.
Hop s6 vo cap (CVT) [2] duoc xem la giai phap
t6i uu nho kha nang thay doi ty s6 truyén lién
tuc, giup dong co dién hoat dong trong dai hi¢u
suat cao nhét. Diéu nay cai thién kha ning ting
tdc, tiét kiém nang luong, kéo dai quang duong
di chuyén va mang lai cam giac van hanh muot
ma, linh hoat trong nhidu diéu kién, tir giao
thong d6 thi dén cac cung duong tbe do cao.
Viée tng dung CVT khéng chi khic phuc cac
han ché cua hé truyén dong thong thudng ma
con mé ra tiém nang phat trién cac mau xe dién
t61 wu hon, dap tng nhu cAu ngay cang cao cia
ngudi dung, dong thoi thiic day su phd bién hoa
xe dién tai Viét Nam va trén thé gidi.

Nghién ctru dd dé& xuit phuong phap
mo phong va danh gia hiéu suat cia hop sb
mot cap va hop s6 CVT trén xe dién bang chu
trinh FTP-75 thong qua nén tang MATLAB
Simulink. Trong qué trinh nghién ctlru, tac gia
da thyc hién mo phong dong thoi hai hé din
dong chay theo chu trinh FTP-75 trong cung
mot khoang thoi gian, nham so sanh va phan
tich su khac biét vé cac yéu té quan trong nhu
quang dudng di chuyén, van tdc, trang thai sac
- x4 (SOC) va céc thong s hiéu suat khac.

2. PHUONG PHAP NGHIEN CUU
2.1. Khai quat vé chu trinh FTP-75

Chu trinh FTP-75 (Federal Test

Procedure 75) [3] 1a mot tiéu chuén kiém tra
khi thai va tiéu thy nhién li¢u danh cho xe 6
t6, dugc thiét ké dé mo phéng céc diéu kién
14i thyc té trong d6 thi. Chu trinh bao gém ba
giai doan chinh: khoi dong ngudi (Cold Start),
van hanh 6n dinh (Stabilized Phase), va khai
dong nong (Hot Start), v6i tong thoi gian 1.877
gidy, quing duong 17,77 km, toc do trung binh
34,1 km/h va toc d6 toi da 91,2 km/h. Trong
MATLAB/Simulink, chu trinh nay dugc mo
rong 1én 2.474 gidy dé tich hop thém cac giai
doan bd sung, nhu thoi gian 1am ndng dong co
hodc thoi gian nghi giira cac pha, nham phuc
vu cac muc ti€éu nghién ctru hoac yéu ciu mo
phong cu thé. Pay 1a céng cu quan trong dé
danh gia hiéu suat khi thai va muc tiéu thu
nhién liéu cua xe dudi diéu kién gia lap trong
phong thi nghi¢m.

2.2. Phuwong phap diéu khién FOC

Nguyén 1y co ban ciia diéu khién FOC
(Fleld Oriented Control) [4] 14 tach biét va dleu
khién doc 1ap tir thong (flux) va mé-men xodn
(torque) trong h¢ toa d§ quay (d-q). Dong dién
ba pha duogc chuyén doi sang h¢ toa do hai pha
(0, B) bang phép bién d6i Clarke [4], sau d6
sang hé toa do (d-q) bang phép bién dbi Park [4]
dua trén goc rotor. Trong hé (d- q) thanh phan
id diéu khlen tir thong va iq diéu khién mo-
men xoan. Sau khi xir 1y, tin hiéu dugc chuyén
nguoc vé hé toa do ba pha dé diéu khién dong
co thong qua bién tan, gitp dat hidu suat cao va
diéu khién chinh xac twong tu dong co DC.

2.3. Mo phéng phwong phap diéu khién FOC
trén MATLAB/Simulink

Dua trén cac bai bao tham khao,
phuong phap di¢u khién FOC dugc mé phong
trén Simulink.
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Hinh 1. M6 phdng phwong phép diéu khién FOC

So dd mé phong phuong phap didu
khién FOC (Fleld Oriented Control) [5] trén
Simulink bao gém cac khdi diéu khién dong i IR
va 1 , str dung céc bo PID dé giam sai 1éch gura
gla tr1 tham chiéu va gia trj thuc té. Tin hiéu
diéu khién V 4, va Vq duoc chuyen doi tir hé
toa do quay (d-q) sang h¢ toa do tinh (a-f), sau
do sang he ba pha (abc) dé diéu khién dong co
qua bién tan. Dong dién thuc té i cua dong
co dugc do va chuyen nguoc tu he ba pha vé
hé toa do d-q dé so sanh voi gia tri tham chiéu,
dam bao diéu khién chinh x4c tir thong va mé-
men xo4n.

2.4. M6 hinh héa dong co PMS tich hop
hop s6 CVT trén xe dién bing MATLAB
Simulink [6]

Viphe=® | - Ll

Hinh 2. M6 hinh héa dong co PMS va hop s6 CVT
chay trong chu trinh FTP-75

Mo hinh mé phong trong Simulink thé
hién hé thong truyén dong xe dién tich hop
dong co dong bo nam cham vinh ciru (PMSM)
va hop s6 vo cip (CVT) hoat dong theo chu
trinh FTP-75. Ngudn tin hiéu tir chu trinh FTP-

75 cung cég van t(f)c tham chiéu (V.0 dgqc XU
1y qua bg diéu khién (Driver and FOC) d¢ tao ra
1énh rpé-men x04n (T,.) cl}o d(}ng co PMSM.
B4 bién tan (Inverter) chuyén doéi tin hi¢u dién
ap diéu khién V.. thanh tin hi¢u ba pha cap cho
dong co.

bong co PMSM, voéi dau ra 1a mo-
men Xxodn T, va tdc do rotor o, két ndi vai
hop s6 CVT, noi ty sd truyén duoc diéu chinh
lién tuc dya trén tin hiéu tu 1énh ga (ACC).
Hop s6 CVT truyén tai mo-men dén hé thong
xe (Vehicle Model), noi cac luc can va gia toc
duoc tinh toan, déng thoi phan hdi van tde thuc
té (VelFdbk) vé khéi diéu khién. Ngoai ra, hé
thdng pin cung cap nang luong cho dong co va
giam sat trang thai sac (SOC), dong dién, va
dién ap.

3. KET QUA VA PANH GIA

3.1. Tinh trang nang lwgng pin (SOC)

b)
Hinh 3. Trang thdi sac - xa (SOC) ding hp sé
CVT (a), hép co STT (b)
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Trong 500s dau tién, SOC cua hop $6
mot cip giam 3,6% (tir 50% xudng 46,4%)
trong khi d6 hop sé6 CVT chi giam 1,9% (tur
50% xudng 48,1%). Tir 500s — 1372s, hop
s SST tiép tuc giam hon 3% cao hon mirc
giam 1,7% cua hop sé6 CVT, khang dinh mic
tiéu hao nang luong it hon cta hop s CVT.
Trong giai doan 1372s — 1877s, ca hai loai hop
s6 khong tiéu hao ning lugng, cho thdy xe &
trang thai nghi. Tir 1877s — 2474s, hop sb vo
cap co muc ti€u hao nang lugng khoang 2% (ttr
46,4% xudng 44,4%) va hop so mot cép tiéu
thu khoang 4,4% (tir 43,4% xudng 39%). Xét
thay hop s6 SST tiéu ton nang luong gap doi so
v6i hop sb CVT khi chay hét chu trinh (11% so
véi 5,6%).

3.2. Van tbc

Duéi cung diéu kién ddu vao va van
hanh trén chu trinh 14i FTP-75, cic dd thi van
toc trong hai truong hop cho thiy sy twong
dong dang ké. Ca van toc thyc té va van toc 1y
thuyét déu dao dong trong mot pham vi nhat
dinh (0-100 km/h), véi cac pha tang téc va
giam tdc rd rang, phu hop voi dic diém cta chu
trinh FTP-75.

Hinh 5. Vin toc khi chay hét chu trinh FTP-75

Tuy nhién, van toc thyuc té thudng co do
tré nho so v6i van tde ly thuyét tai mot sb thoi
diém tang toc va giam tdc. Sy khéc biét nay doi
khi tré nén 1o rét, dac biét trong cac giai doan
thay ddi van toc dot ngdt. Trong khi van tde

ly thuyét thé hién su 6n dinh va muot ma, van
tdc thuc t& xudt hién nhidu va dao dong nhe,
¢6 thé do cac yéu td thyc té nhu ma sat, thay
doi tai trong, hodc dac tinh dong lyc hoc cua
hé truyén dong. Ca hai truong hop déu dat tde
do t6i da khoang 100 km/h, nhung van toc thuc
té thuong cham hon mot chit so véi van toe 1y
thuyét tai cac diém dinh.

3.3. Mo-men xo0an

Hop sb CVT khong chi ti wu hoa hiéu
suat dong co ma con cai thién dang ké kha nang
thich nghi v6i cac diéu kién van hanh khic
nghiét, vuot troi so voi hé dan dong dién truyén
théng von chi phu hop véi cac diéu kién tai 6n
dinh.

b)
Hinh 6. Mé-men xodn hép sé6 CVT (a)
va hép s6 SST (b)

D6 thi mo-men xodn cho thdy hop sb
CVT vuot trdi vé kha nang phan hoi va t6i wu
hoa luc kéo so véi hé dan dong dién truyén
théng trong chu trinh FTP-75. M6-men xodn
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cua hé théng CVT dao dong nhanh va manh
mé, dat gia tri tdi da xp xi 230 Nm trong céc
pha ting toc, cho thay kha ning diéu chinh ty
sO truyén lién tuc gitp dong co hoat dong hiéu
qua hon, dic biét trong cac diéu kién thay doi
tai lién tuc. Nguoc lai, hé dan dong dién truyén
thdng thé hién sy kém linh hoat hon, véi cac
dao dong mo-men xo0dn nho va phan tmg cham
hon, dac biét & cac giai doan tang tdc hodc
giam téc dot ngdt. DO thi ciing chi ra rang hé
théng nay thiéu kha ning duy tri luc kéo hiéu
qua khi d6i mat voi cac yéu cau van hanh thay
d6i nhanh chong.

3.4. Tai mo-men xo4an

Wl u“._,

ble h-jJ = :

\

b)
Hinh 7. Tdi mé-men xodn hdp sé6 CVT (a),
hép s6 SST

Hop s6 CVT vuot troi véi bién do dao
dong tai mo-men xodn cao (t6i da 250 Nm) va
tan sudt dao dong nhanh, thé hién kha ning
dap tng linh hoat va hiéu qua véi cac thay do6i
luc kéo, dac biét trong cac pha tang tdc nhanh.
Nguoc lai, hop s6 mot cép 6n dinh hon véi bién

d6 dao dong thip (khoang gan 200 Nm), nhung
phan tng cham véi tai dot ngdt, han ché hiéu
sut trong diéu kién van hanh phuc tap. Piu
nay khing dinh CVT 1a giai phap tdi wu cho cac
g dung yéu cau hiéu suét cao va linh hoat.

4. KET LUAN

Trong cung chu trinh FTP-75, hop sb
CVT tiéu hao niang luong it hon dang ké, véi
mirc tiéu hao gidam mot ntra so véi hop s6 mot
cap (5,6% so voi 11%), nhd kha nang duy tri
dong co trong dai hiéu suit cao. Kha ning
tang toc ciia CVT ciing vuot trdi hon nho ty
sé truyén thay doi lién tuc, giap duy tri lyc kéo
6n dinh ngay ca trong dleu klen van hanh khéc
nghiét, trong khi hop s6 mot cip gap kho khan
trong viéc duy tri luc kéo t6i vu. D6 muot ma
khi van hanh ctia CVT ciing dugc danh gid
cao hon, voi kha niang diéu chinh lién tyc gil’lp
glam nhiéu va dao dong trong qua trinh chuyen
tlep gitra cac pha tang toe va glam tc. Két qua
nghién ciru khang dinh hop s6 CVT céi thién
hiéu suét dong co, mé rong pham vi hoat dong
nho tiét kiém nang lugng va dap tng tét hon
nhu cau van hanh linh hoat, vuot troi so véi hop
s6 mot cap vén chi phi hop véi diéu kién tai 6n
dinh. <
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